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CHAPI'ER I 
INTRODUCTION 
Significance of the Study 
Minimal muscular strength is necessary if an individual is to 
perform normal daily activities in an efficient manner. Strength in 
excess of this minimal amount will enable one to perform such activities 
more easily and effectively. This excess strength is also essential 
for two reasons. First, it is needed for emergency situations where 
survival is a factor. Second,.after one's daily normal activities are 
completed there should be sufficient strength to live life more fully 
1 
and completely in leisure time pursuits. 
Athletic coaches have also realized. the importance of strength 
an4 good physical condition in their athletes. Massey states that when 
everything is equ�l the athlete who has strength and stamina will be · 
the winner. Traditionally, strength and stamina conditioning programs 
have included some form of heavy calisthentics or similar activity. 
However, weight training.offers every advantage of calisthentics, plus 
2 
the opportunity to adjust the resistance to the exercise. 
There are many proposed ways of gaining strength which have 
been endorsed by individuals who have had success with some method. 
1ttarold Barrow and Rosemary McGee, A Pra ctical Annroach to 
Measurement in Physical Education (Phlladelphia: Lea -& Febiger, 1968), 
P! 115. 
2
Benjamin H. Massey, et al., The Kinesiolog:y of Weight Lifting 
· (D-q.buque: Wm. C. Brow'11 Compa.ny, 1959), pp. 130-1. 
The results of research· studies conducted on the de�elopment of 
muscular strength have also indicated that no particular method is 
apparently superior over the other.3,4,5,6 
The maintenance of strength and muscular endurance throughout 
2 
life is of primary concern to physical educators . However, at present 
there is inadequate research available upon which to base sound principles 
of such maintenance. Evidence is needed to determine: (1) the extent 
to which it is possible to maintain these attributes at various stages 
in life, (2) the.particular attributes which must be maintained. for 
optimal health, (3) the levels at which strength and muscular_ endurances 
should be maintained for satisfactory and satisfying performances in 
work and play, (4) the best techniques of maintenance, and (5) the 
minimum amount of tlme or work necessary for maintenance.7 
�ichard A .. Berger , °Comparison Between Resistance Load and 
. Strength, " Res ea.rch Quarterly, 3 3: 6 37, December, 1962 • 
4stan Burnham, "A Comparison of Isotonic and Isometric Exercises 
in the Development of Muscular Strength," National College Physical 
Education Association for Men, December, 1966, pp. 28-31. 
5Leslie Curtis Hanse� , "The Effects of Three Selected Weight 
Training Programs on Muscular Strength, Endurance , Girth, and 
Cardiovascular Endurance," (unpublished Master's thesis, South Dakota 
State University , Brookings , 1969), pp. 1-68. 
6nichael D. Plinske , "A Compa..r ison of the Effects of an Isometric 
Program, A Weight Training Program, and Isometric Weight Training 
Program on Strength Development," (unpublished Master's thesis, South 
Dakota State University, Brookings, 1963), pp. 1-35. 
?Henry J. 11ontoye (ed. ) , An Introduction to Neasurement in 
Physical &iucation, Vol. 4, (Indianapolis, Indiana: Phi Epsilon Kappa 
Fraternity, 1970), p. 115. 
. 
The investigator, having participated in off�season weight 
training programs, became interested in the problem of maintenance of 
strength to individuals who have completed a select weight training 
program. The. present study was primarily directed toward discovering 
whether or not different levels of muscular strength require different 
levels of work in order for strength._ to be·maintained. 
Statement of the Problem 
The purpose of this study was to determine whether different 
levels of muscular strength, muscular endurance, and girth are 
maintained by employing a selected weight training program once a week. 
Hypotheses 
1. There is a significant improvement in muscular strength, 
muscular endurance, and girth as a result of a five week, three-days­
per-week weight training program . 
2. There is a significant improvement in·muscular strength, 
muscular en�urance, and girth as a result of a nine week, three-days­
per week weight training program. 
). A nine week, three-days-per-week weight training program 
results in a significantly greater gain in muscular strength, muscular 
endurance, and girth, than a five week, three-days-per-week weight 
training program. 
4. There is no significant difference among groups which 
terminated conditioning, worked out once per week, and subjects which 
3 
4 
continued to work out three times per week on the retention or further 
development of muscular strength, muscular endurance, and girth 
following a five week weight training program. 
5. There is no significant difference among groups which 
terminated conditioning, worked out once per week, and subject s which 
continued to work out three times per_weeR on the retention or further 
development of muscular strength, muscular endurance, and girth 
following a nine week weight training program. 
Limitations and Delimitations 
1. Forty-six South Dakota State University male students served 
as sub,jects. 
2. Only the development and maintenance of muscular s trength, 
muscular endurance, and girth of the upper body by a specific weight 
training routine were ctudied. 
3. Strength was measured only by a dynamic bench press. 
4. Only girth measurements of the chest and the triceps were 
recorded to the nearest quarter of an inch. 
5. The outside activities of the subj ects could not be 
controlled, but the subjects were requested not to engage in exercises 
of the upper body that might influence the results. 
�ition of Terms 
Dynamic exercise. ·T he shortening of a muscle during contraction 
to perform its work of lifting a load. 
Muscular strength. The tension muscles apply in a single maximum 
8 
contraction, measured by a one repetition maximum. 
Muscular endurance. The ability to continue successive movements 
·in situations where the muscles or muscle groups being used are loaded 
heavily.9 
Repet1.tion. The lifting of a specific weight througl-i a complete 
range of motion and back to its original starting point. 
Repetition maximum (RM). The maximum weight that can be lifted 
�or the indicated number of repetitions; that is, 5 RM is the greatest 
weight that can be lifted fi_ve times. 
5 
8
Anthony Mi -tchell, "Effects of Off-Season Weight Training Programs 
on Develo11ment of Strength and f!.."'xplosive Power of Football Players," 
( unpubli.shed Maste� • s thesis, South Dakota Sta ta University, Brookings, 
\ . 197 0 j • pp. 1-56. 
9Barrow, op. cit., p·. 117. 
CHAPTER II 
REVIEW OF RELATED LITERAT1J1lE 
Weight training has·been established throu€h empirical evidence 
as well as intensive research as a way of improving strength and fitness 
of man. The literature reviewed wa.s divided into two sections: 
(1) literature related to the development of muscular strength and 
muscular endurance and (2) literature related to the maintenance of 
muscular strength and muscular endurance, 
Development of Muscµlar Strength and Muscular Endurance 
Plinske c9nducted a study to determine if there was any 
difference in strength development which resulted from an isto metric 
contraction program, a weight training program, and an isometric 
weight training program. Subjects in the three groups exercised two 
' 
times a week for six weeks. It was found that while strength increased 
in all groups there was no signj_ficant difference among the three 
1 
methods. 
Hanson compared the effects of three different weight training 
programs on the development of muscular strength, muscular endurance1 
girtht and cardiovascular fitness. The three conditioning methods 
used were: a modification of the DeLorme-Watkins method of weight 
111ichael D. Plinske f "A Comparison of the Effects of" an Isometric 
Program, A Weight 1�.raining Program9 and an Isometric Weight Training 
Program on Strength Development" (unpublished. Master's thesis, South 
Dakota State University, Brookings, 1963), PP• 1-35 •. 
training, a traditional strength training method, and a circuit weight 
training method. The subjects exercised three times a week for seven 
weeks, Final results indicated improvement in strength and muscular 
endurance in atl groups. Although there was no significant difference 
7 
among the three methods used, the group using the circuit training 
method experienced the greatest improvement in cardiovascular fitness.
2 
Burnham compared the effects of isotonic and isometric exercises 
in the development of muscular strength. The subjects trained three days 
a week for ten weeks. The findings showed that there was no significant 
difference between isotonic and isometric exercises in the development 
of strength,3 
Mitchell conducted a study on three different weight training 
procedures for developing muscular strength and explosive power. The 
three methods used were the 8-6-4 power training method, a seven-second 
explosive weight training method, and the modified Hansen circuit 
weight training method. The training period lasted for six weeks with 
the subjects working out three times a week. The results indicated 
that for bench press strength the 8-6-4 method showed a significant 
2
Leslie Curtis Hansen, "The Effects of Three Selected Weight 
Training Programs on Muscular Strength, Endurance, Girth, and Cardio­
vascular Endurance" (unpublished Master ' s th�sis, South Dakota State 
University, Brookings, 1969), pp. 1-68. 
3
stan Burnham, "A Comparison of Isotonic and Isometric Exercises 
in the Development of Muscular Strength,"-National Collsge Physical 
Educ�tion AssQciation for Men, December , 1966, PP• 28-31. 
difference in the amount of strength gained over the other methods of 
4 
training. 
Berger conducted a study to determine if more strength was 
gained by using maximum weight resistance or submaximum weight 
resistance, One group lifted a load of 90 percent of maximum weight 
two times a week, and once a week lifted their maximum weight. The 
second group trained three times a week using maximum resistance. all 
three days. It was found at1the end of the 12 week �eriod that both 
groups had.mean increases in strength that were highly significant. 
It was also found that training with submaximal loads of 90 percent 
was just as effective for increasing strength as training with maximal 
loads.5 
Capen's study was concerned with the application of four programs 
of heavy resistance exercises for the develop.ment of muscular strength. . ' 
Each subject in Gr.cup I selected the heaviest weight with which he could 
perform a maximum of eight executions (8 RM). Group·rr also established 
an 8 RM but in addition performed a second set which consisted of 5 RM. 
Subject's in ·Group III were required to select the heaviest weight 
with which he could perform a maximum number of five exe·cutions (5 RM). 
The subject would perform three sets with this selected weight, 
performing as many executions as possibl� in the second and third sets. 
8 
4
Anthony Mitchell, "Effects of Off-Season Weight Training Programs 
on Development of Strength and Explosive Power of Football Players" 
(unpublished Master's thesis, South Dakota State University, Brookings, 
1970), pp. 1-56. 
�ichard A. Berger, ·"Comparison Between Resistance Load and 
Strength,"· The Research Quarterly, 33:637, December, 1962 . 
When the subjects could perform five executions in each of the three 
sets, a new 5 RM was determined. Group IV subjects selected the 
heaviest weight with which they could perform only one execution. 
Af'ter executing the exercise, the weight was decreased. for the second 
set and subjects completed. as many repeti ti.ons as possible. The same 
procedure was followed for the third set of repetitions. Capen 
found that the amount of strength gained from each of the four programs 
was statistically significant.6 
Beasley conducted. a study to compare the effects of induced 
isometric and isotonic contractions on the growth of the gastrocnemius 
muscle fibers of young adult, male rats. The isotonic and isometric 
training programs resulted in a statistically significant increase in 
muscular strength and muscle fiber diameter.7 
9 
In comparing the effectiveness of isometric and isotonic exercises 
for developing muscle strength, endurance, and size, Marley found that 
there was little difference in the two methods for developing strength, 
but that isotonic exercise is more effective in developing muscle size.8 
6Edward Capen, "Study of Four Programs of Heavy Resistance 
Exercise for Development of Muscular Strength," The Research Quarterly , 
27:1_54-157. May, 1963. 
. ?Bob L. Beasley, "Effects of Isometric ·and Isotonic Training on 
Skeletal Muscle Hy-pertrophy" (unpublished Doctor's dissertation, 
Florida State University, Tallahassee, 1968), pp. 1-121. 
8william p. Marley, "The Comparative Effectiveness of Isometric 
and Isotonic Exercise in the Development of Muscular Strength, 
Endm:ance, and Girth" (unpublished Master's thesis, Department of 
Physical Education, University of Maryland, College Park, 1962), p. 62 . 
Sills ·reports Hellebrandt as stating that there is no "one best 
method" of weight training·. However, if a program is systematic, 
progressive, and utilizes the "overload principle" there will be 
improvement in· strength, power and endurance. 9 
Maintenance of Muscular Strength and Muscular Endurance 
Guess_conducted a s tudy in which he developed an off-season 
weight training program during the summer months for football players 
and measured the amount of muscular strength they had gained• The 
subjects were measured at the beginning of the football season after 
completing the summer weight training program, -and were foun� to have 
10 
developed a sign�ficant amount of muscular strength. Guess then divided 
the subjects into two grou�s. Half of the football players continued 
to workout with weights once a week while the other half completely 
discontinued working o'..lt with weights. At the end of the season Guess 
. _, 
found a significant difference between the two groups. The group 
whic·h had continued to workout during the season maintained their 
muscular strengtn while the group who did not workout with weights 
lost most of the muscular strength they had gained during the s ummer 
weight traini.ng program. 
lO 
9F. D, Sills, W !id.8:ht 'i'raining in Sports and Phys ical Education 
(Washington, D. C.: American Association for Health, Physical Education 
and Recreation, 1962), pp. Z6-27. 
lOJ.Jiles Clay Guess, "A Comparison of Two Training Programs for 
Maintaining Increased Muscular Strength Developed During an Off-Season 
Condltioning Programn (unpublished. !faster's thesis, University of 
Texas, Austin. 1967)� pp. 1-77. 
Sysler and Stull conducted a study to determine how long a 
person can retain muscular endurance after that person completely 
stops isotonic exercises• The authors.found significantly less muscular 
endurance was lost i� a one week period then in three and five week 
periods. They also discovered that there was no signif·icant difference 
between the three and five week periods. Their study indicated that 
one training period a week did not show a statistically significant 
11 
loss of muscular endurance. 
Het�inger wrote a book which was the· result of ten years of 
research in the problems of muscular strength development and training. 
In one summarized study, he conducted an isometric program on subjects 
whi�h were either in hospitals or mental institutions. He concluded 
that strength gained during a training period can be maintained. by 
12 
giving training stimuli every fourteen days. 
Lyne conducted a study in which he attempted to -determine the 
frequency of static contraction exercises necessary for the maintenance 
of a newly achieved strength-level. The study involved forty-six 
subjects over a 16 week pePiod with 8 weeks devoted to a training 
period. The exercises consisted of static contractions involving 
flexion and extension of the preferred arm and extension of both legs. 
The three methods for determining the effectiveness in maintaining 
1�arry L. Sysler and Alan G. Stull, "Muscular Endurance as a 
Function of Length of Detraining, " The Research Quarterly, 41:105-9, 
March, 1970. 
12
Theod.or Het.tinger, Physiology of Strength (Springfield, 
Illinoi.s: c. c. Thomas Co.,·1961), p. 76. 
11 
strength level were: (1) exercising one day weekly, (2) exercising once 
every two weeks, and (3) 'exercising once every three weeks. Lyne 
discovered that training one time weekly further increased significantly 
the newly acquired strength level. He also found that the strength 
gained in 8 weeks was maintained for at least 8 weeks by training once 
every 2 weeks. Training once every J weeks did not maintain the 
- 13 acquired strength level. 
Morehouse, using 104 male stud ents from Pennsylvania State 
University.conducted a study on the development and maintaining of 
elbow flexion strength by the use of an isometric exercise program. 
The subjects were randomly divided into three levels, I, II, and III, at 
which time they began a 9 week training program. An attempt was made 
to motivate the subjects by making them aware of their progress in 
strength development. This was accomplished by using a tensiometer to 
test the subjects - in every training session and posting the results 
weekly. The subjects were tested initially for muscular strength and 
again at the end of the 9 weeks for the gain in muscular strength. 
At the end of 9 weeks the'subjects within each of the initial strength 
levels were randomly assigned to the e�erimental treatments which 
consisted of performing a single isometric contraction twice each 
week, once each week, or once every two weeks at either 50 or 100 
l3James B. Lyne, "The Frequency of' Static Contraction Exercise 
Necessary for Strength Level Maintenance'' (unpublished Master's 
thesis, Pennsylvania State University, University Park, 1958), 
pp. 1-70, 
12 
percent of maximal strength . Strength gains were measured each week 
and were analyzed with a three factor analysis of variance . The 
results indicated that d eveloped strength may be maintained when at 
least one contraction of 100 percent maximum is performed every two 
weeks or less . 14 
In a study comparing the effects of static and dynamic 
train ing on the strength of the unexercised. contralateral limb, Darcus 
and Salter found that both methods of training caused.an increase in 
strength. They also stated that although strength d ecreased steadily 
in most subjects for six weeks after training stopped , readings taken 
after one year were still more than double those taken prior to the 
onset of the program . 15 
Rasch and Morehous e  trained two groups isotonically and 
isometrically for 6 weeks, tested them and then retested them 6 weeks 
later. The investigators were interested not only in increases in 
strength and hypertrophy due to training but wished to o bs erve the 
persistence of alterations in these factors after 6 weeks of 
non-training. Findings revealed a significant improvement in strength 
of 14. 38 pounds for the isotonic group after training and a further 
increase of 4.96 pounds 6 weeks after the end of training. They 
i4 Chauncey A . Morehouse ,  "Isometric, Development and Maintenance 
of Subjects with Diverse Initial Strength," The Research Quarterly, 
381449-456, October, 1967. 
15ii. D . Darcus and Nancy Salter, "The Effect of Repeat ed Muscular 
Exertion on Muscle Strength," Journal of Physiology, 129:334, August, 
1955. 
274273 
lJ 
contributed this post training gain la.r�ely to learning • . The isometric 
group was also statistically significant but had only an increase of 
1.96 _pounds. Muscle girth from the isotonic training increased 
significantly ar� when training stopped decreased. significantly.1
6 
Ewart conducted a study using an isotonic weight training program 
on twenty-two high school boys. Fifteen boys took part in a progressive 
weight trairJ.ing program three times a .. week for 8 weeks, followed 
immediately by 8 weeks of detraining where half the boys trained one 
day per week and the remaining boys terminated workouts. A· control 
group of seven boys not involved. in any organized or competitive 
training program was used throughout the 16 weeks of the study. After 
8 weeks of training the experimental group had made significantly 
greater increases in strength than the control group. After 8 weeks 
of training and 8 weeks of detraining the training-reduced training 
group had made significantly (.05 level) greater changes than the 
.. 
training-nontraining group and the control group in all six dynamic 
strength measures. The training-nontraining group at the end of 8 
weeks of detraining significantly improved over the control group in 
the dynamic strength measures of bench press, three quarter squats, 
17 
total dynamic strength and total strength per weight. 
·l6Philip J. Rasch and L. E. Morehouse, "Effect of Static and 
Dynamic Exercises on Muscle Strength and Hypertrophy," Journal of 
Applied Physiology, 11:29-34, July, 1957. 
l?Gary Ewart, "Effects of Weight Training and Detra.ining on 
Muscular Performance of High School Boys" (unpublished Master's thesis, 
University of Illinois, Urbana, 1969), PP· 1-113. 
14 . 
t 
Perkins and Kaiser conducted a 6 w eek isotonic and isometric 
training programs on patients over 60 years of age. .After the training 
period, they found significant mean increases in strength for the 
isotonic program of 56.8 percent and the isometric program of 45.8 
percent. Five months later after no training the group. who trained· 
isotonically could still lift a mean of 43.1 percent more than their 
· initial strength, while the isometric -- group could still hold �O. 8 
percent more than their original measures.18 
Wallace studied the effects of static training on the development 
of strength and concluded that if strength is gained quickly and 
training is stopped, the rate of loss of strength is about equal to 
19· the rate of gain. 
Hettinger included this statement in his discussion of muscle 
strength after trainings 
There is a direct relationship between the training 
schedule and the rate of decrease in muscle strength 
after tr�ining is stopped. The strength gained during 
a training period decreases at a speed which is about 
one-third the spe� at· which it increases.20 
181. c. Perkins and H .  L. Kaiser, "Results of Short Term Isotonic 
and Isometric Exercise Programs in Persons Over Sixty," Physical Therapy 
Beview, 41: 633-35, September, 1961. 
19J Wallace "The Development of Muscle Strength,'' New Zealand . ' . .J.ournal of Physi cal Education, 13:24, 1957. 
20Theodor Hettinger, Physiology of Strength (Springfield,· 
Illinois: c. c. Thomas Co., 1961), p. 76. 
15 
According to Karpovich it is relatively simple to retain 
acquired strength by exercising only once a week. This statement is 
based on his assumption that strength, when gained slowly, may persist 
for a considerable time after training ends.21 
. ' 
21p, v. Karpovich, Physiology of Muscular Activity (Philadelphia
s 
W, B, Sau.nfi.ers Co., 1971), p. 26. 
CHAPrER III 
MErHODS AND PROCEDURES 
The purpose of this study was to determine whether different 
levels of muscular strength, muscular endurance, and girth are 
maintained by employing a s elected weight training program one day per 
week. The methods and procedures for collecting the data are des9ribed 
in this chapter • 
.Source of Data 
Initially there were forty-six male students enrolled. in the 
basic physical education classes at South Dakota State University 
during the spring semester 1972. The subjects consisted of non-athletes 
and athletes who haa not lifted weights during the previous semester. 
Forty-six subjects were initially tested on all parameters but after 
two weeks one subject dropped the course and his data was disregarded., 
Following Test II another subject dropped out of school leaving 
forty-four subjects who completed the entire program. The data 
gathered.· from the subject wh� dropped out of school were utilized. 
when possible . 
Organization of the Study 
Prior to the start of the training program the subjects met 
1 and were oriented to the pu+poses of the study by the investigator. 
During this time the subjects were familiarized with the correct form 
involved in compl�ting the exercises and testing proce4ures, The 
subjects were given two days to experiment with the Universal Gym and 
18 
to approximately determine their one repetition maximum for the bench 
press.· Further reference to repetition maximum will be referred ·to as 
1 RM. The subjects were tested initially on all parameters (Test I) 
on Fe·oruary 8, 9, and 11, 1972. 
The classes following Test I were randomly divided into two and 
three groups, respectively. The groups were then equated by employing 
the rank-order method using the data collected from their 1 RM scores. 
The five training programs were then randomly assigned .  Groups 
assignment,. height, weight and age of subjects are found in Table I. 
TherP, were three parts to the study. Beginning on February 9 
all subjects conditioned three times weekly on Monday, Wednesday and 
Friday for 5 weeks. All subjects were then given Test II on 
March 14, 15, and 17. The purpose of this period was to develop a 
basic level of strength and muscular endurance in all subjects. 
After Test II , Group I terminated all workouts for the remaining
. 
three parts of the study. Group II worked out once a week fer the 
next four weeks. Groups III, IV, and V continu ed to workout three 
times weekly for the next four weeks. All subjects were retested. on 
April 18, 19, and 21, 1972 (Test III) after this 4 week period was 
completed. The purpose of this portion of the study was to determlne 
how many workouts per week were needed to maintain this level of 
muscular strength and muscular endurance .  
Afte:r Test. III , Groups I and II had completed their roles in the 
study and no further data were collected on these subjects. Group III 
terminated all worko�ts for the remaining four weeks of the study but 
were giveri Test IV. Group IV uorked out once a week for the· next four 
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TABLE I 
CHARACTERISTICS OF SUBJECTS 
Name G roup H eight Weight Age 
M. C .  I 6 •  0" 158 18 
R . D .  I 5' 11" 173 18 
W . D .  I 5' 11" 182 18 
J . F . I 6 • . 3" 193 18 
R . G .  I 6 •  l" 162 18 
A. H .  I 6 •  0" 188 18 
T . H .  I 5 ' 9" 168 18 
C . L. I 5 ' 9" 125 19 
T. M. I 5'  9" 155 18 
s . w .  I 6 •  0" 168 19 
B. A.  II , 5' 9" 180 18 
D . A .  II 5' 10" 166 18 
C . G .  II 6 •  1" 182 18 
S . H .  II 5 ' 8" 162 18 
N. H .  II 5 ' 10" 170 18 
O . J .  II 5' 9" 150 19 
M.P. II 6 •  1" 161 18 
s . s .  II 6 •  l" 153 18 
I 
P . U .  II 5' 8" 148 18 
G . Z .  II 6 •  l" 165 19 
R . C . III 5 '  9" 169 
19 
R. E .  III 5' 9" 175 1
9 
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TABLE I (continued) 
Name Group Height Weight Age 
S . J .  III 6 ' l" 150 18 
R . K. III 5 '  10" 144 18 
D. S .  III 5 ' 10" 147 18 
L. S .  III 6 ' 0" 168 18 
J . W . III 5 '  7" 150 18 
T . W .  III 5 '  9" 142 19 
T . B . IV 5 ' 8" 147 21 
D . D .  IV 5 '  11" 170 21 
R . E .  IV 5 '  8" 168 20  
R . H .  IV 6 •  2" 175 18 
R . K . IV 5 '  11" 178 19 
R . M .  IV  · 5 ' 9" 147 18 
s . s .  IV 6 •  0" 198 18 
M. V .  IV 5 ' 11" 166 20 
R . Y .  IV 5' 11" 146 18 
D . B .  v 5' 8" 129 18 
G . G .  v 6 •  l" 175 19 
T . H . v 5 ' 9" 187 18 
R . J .  v 5' 11" 166 18 
I 6 •  4" 175 18 K . M .  v 
S . ·T .  v 6 '  l" 192 18 
R . W .  v 5 '  11" 175 19 
J . W .  v 5'  6" 138 19 
weeks whi l e  Group · v c ont inued to workout three times per week duri ng 
thi s  period . Groups III, IV, and V were retested on May 16 . 17, 
and 19 , 1972 (T est IV ) .  The purpose of this portion of th e s tudy was 
to determin e  how many workouts per week were need ed to maintain a 
high er l evel of muscular strength and muscular enduranc e . 
Admin istrati on of the Treatment 
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A progressive dynamic bench press exerci s e  program was utilized 
to develop strength by employing th e overload principl e . Rasch states 
that s tr ength , enduranc e  and muscle s i ze increases , within llmi ts , i n  
respons e to repeti tive exerc ise against progressively increas ed 
resistanc e .  This. i s  known as the " overload pri nciple" and r equires a 
1 psychological approach c ommitted to " all out" efforts . The bench press 
exercis e was administer ed on the Universal Gym . The mus c les i nvolved 
in c0mpleti ng th is exerc i s e  are the pectoralis major , ant erior deltoid , 
and tric eps . 
The subjects of all groups were required to workout three times 
a week for th e first f iv e  weeks of training . The subjects worked in 
pairs and completed. three sets of five repetitions using th e bench 
press . From the initial 1 RM data 90 perc ent was taken to give 
subj ec ts th eir beginni.ng 5 RM for traini ng purpos es . C ap en discover ed 
that three s ets of 5 r epeti tions maximum was �atisfactory i n  th e 
1Philip J .  Rasch , W eight Traini ng (Dubuque � Wm . C .  Brown C ompany 
Publishers , 1966 ) ,  p .  6 �  
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development of m�scular strength when used 3 days a week .
2 
B erger i n  
b i s  study found that training wi th submaximal loads of 90 percent was just 
as effective for i ncreasing strength as training with maximal loads . 3 
A subject performed. his 5 RM in approximat ely 3 0  s econds at 
which time the partner would step in and perform his f irst 5 RM s et , · 
then the first person would st ep back in and perform his s econd 5 RM 
·in 30 s ecorrls and thi s  continued until the subj ects had performed thr e e  
s ets . Onc e  the subj acts were abl e to perform three s ets of .5 RM the 
weight was increas ed. 10 pounds . If the subjects did not c ompl et e  all 
three s e t s  of 5 RM , they were assi sted through the repetitions . In this 
way all subjects completed a total of 15 repetitions per training 
period . 
At the terminati on of the 5 �eek training period , all s ubj ects 
exc ept Group I c onti nued further training . Whether traini ng one -
\ 
day-per-week or three-days-per-week , the above traini ng proc edures were 
strictly followed. . 
Collection of the Data 
Data wer e  c ollected on all subjects in G�oups II and II three 
times and Groups III , IV , and V four times throughout the study to 
determine the amour.t of chang e in girth measurements ,  musc ular strengt h , 
. .  . 
· �wr .. '.rd Capen , " Study of Four Programs of H eavy R esistanc e 
Exerc is e  for Development ot; Muscular Strength , "  The Res earch Quart erly , 
27 : 1;4-157 , May , 1963 . 
. 
3
Richard A .  B erger , "C ompari son Betw�en R esistan;e Load and 
Strength , "  The R Bs ea�ch Quart erly ,  33 : 637, Dec ember , �9°2. 
and muscular endurance .  Girth was measured. t o  the nearest quarter of 
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an inch prior to testing the subjects 1 RM . Girth was measured once on 
both the right and left arm with the tricep muscle flexed and the 
average of the two measurements was recorded. Also a measurement of the 
expanded and flexed chest was taken by employing an anthropometric 
tape which circled the chest and placed across the nipples . Data were 
recorded to the nearest quarter of an inch . 
By employing the bench press lift the subjects .determined their 
initial 1 RM by trial and error on February 9,· 1972 . The investigator 
used trial and error to establish the subjects maximum strength each 
time tested with at least a 2 minute break in between trials and no 
more than three trials on the same day . The data recorded. was the 
greatest amount of weight pressed to the nearest 5 pounds . 
On February 11 , the subjects were pretested for muscular 
endurance by performing as many repetitions as possible using 80 percent 
of their established. 1 RM . The number of repetitions completed was 
used for data purposes . A pilot study group was utiliz ed  by the 
investigator in determining what percent of the 1 RM would produce 
seven to fifteen repetitions : 80 percent satisfied this requirement . 
Therefore, for all additional testing for muscular endurance ,  80 percent 
of their initial 1 RM was used and the number of repetitions recorded 
for data purposes . Muscular endurance was tested during the next 
training period following the testing period for the � RM . The 
endurance test seived the purpose of a training period , therefore, no time 
was lost from the developm�t of muscular strength and muscu
lar 
endurance. 
CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS 
Organization of Data for Analysis 
The data presented in this chapter. were organized in such a 
manner so as to permit analysis of the significance of the changes 
in the s elected parameters among the experimental groups . The data 
were specifically analyzed to compare the effects of a J-days-per-week , 
1-day-per-w�ek , and. 0-days-per-week weight training program on the 
maintaining of muscu�ar strength , muscular enduranc e ,  and gir�ch in 
subjects following conditioning programs of 5 and 9 weeks in duration . 
An analysis of covariance was completed to compute an F ratio 
to determine whether there was a significant difference among the 
changes of the groups ' means . 1 The analysis of covariance corrected 
final measures to acqount for initial mean differences . 2 When an F 
' 
ratio was significant , the Scheffe comparison was used to locate the 
significant differences between the respective groups . 3 The . 05 
level of confidence was accepted as the minimal level needed in order 
for a diff ercnce to be significant . Table II shows the means for the 
five groups in the parameters measured : (a) strength (1 RM) , 
1Jerome c .  W eber and David R .  Lamb, Statisttcs and Research in 
Physical Education (St . Louis : The C . V. Hos by Co . , 1970) , p. 151 . 
2
Ibid . , p .  146 . 
3 Ibid . , p ,  155 · 
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TABLE II  
MEANS 
Variable Group T est I Test II T est III T est IV 
Strength I 153 . 5 167 . 5 166 . 5 
(l  RM) II  153 . 5 165 . 555 173 . 33 
I II 156 . 25 170. 625 186 . 25 185. 625 
_IV 155 . 556 - 168 . 33 181 . 11 183 . :33 
v 156.�S 1Z5. 625 188. 1�1 i28.zs 
C om�ned Means of 
Grou�s I & II 15). 5 166.25 
Combined Means of 
Grou12s III, IV1 & v i�. o lZl.4 185.0 
C ombined Means of 
All 5 Groups 1_54. 89 169 . 11 
Endurance I 11 . 0  15 .7  15 . 3  
(R eps . ) II  13 . 4  16 . 78 18 . 44  
III 10. 375 14 . 625 17. 75 18 . 0  
IV 11. 11 14. 889 17 . 44  19 . 78 
v 13.325 iz.szs 20. 5 22. 88 
C ombined Means of 
G!:ou12s I & II 1212 16!35 
C ombined Means of 
Gr2u12s III. IV & V 11.6 i5.z6 18. 52 
Combined Means of 
All 5 Groups 11. 87 16 . 02 
Chest I 38. l  38 . 98 38 . 8  
Girth II  38. 175 39 . 14 39 . 31 
III 37. 813 38 . 25 38 . 53 38 . 63 
IV 38 . 61 39 .42 39 . 39 39 . 75 
v 3s.22 JS. 56 J2. 06 32.34 
ComQined Means of 
. G�OUJ2S I & I I  38 . 14 12. 02 
C ombined Means of 
Groups III . IV. & V 38 .23 3s.z2 32.01 -
Combined Means of 
All 5 Groups 38 . 19 38 . 91 
Variable Group 
Arm I 
Girth II 
III 
IV 
v 
Combined Means of 
Groups I & II 
Combined Means of 
Groups III. IV. & V 
Combined Means of 
All 5 Groups 
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TABLE II (continued) 
Test I Test II Test III T est IV 
11. 41 11. 95 11 . 84 
11 . 48 11. 66 11·, 8  
11 . 17 11. 52 11. 67 11 . 49 
11 . 39 11 . 95 12 . 07 12 . 09 
11.93 12.41 12.47 12. 55 
11.45 11. 87 - - - -
11.49 11.96 12.·07 
11. 1-1-7 11. 92 
(b) enduranc e (reps . ) , ( c ) chest girth, and (d ) arm girth . · Raw s cores 
for all parameters measured appeared in Appendix A, B ,  C, and D .  
Analysis of the Data 
Tabl e  III indicates the significance of the changes in the 
selected variables from Test I to Test II for all subjects . Significant 
improvement �eyond the . 05 level .of confidence was f ound in all four 
variables as a result of the f ive week, three days per week weight 
training program • . 
TABLE III 
DIFFERENCE BETWEEN MEAN OF VARIABLES FOR 
WEIGHT TRAINING FROM INITIAL TO 
5 WEEK TESTS 
Variabl e 
Strength 
( 1  RM) 
Endurance 
(R eps . ) 
Chest 
Girth 
Arm 
Girth 
Mean Change 
Test I Test II 
169 . 11 
11 . 87 16 . 02 
38 . 19 38 . 91 
ll . 4?2 11 . 919 
*! . 05 (45) - 2 . 02 
Mean 
Difference 
14. 22 
4. 15 
0 . 72 
o . 447 
SE­d 
1 . 52 
0 . 33 
0 . 11 
0 . 038 
!* 
12 . 58 
6 . 55 
11 . 76 
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Table IV indicates the significance of the changes in the 
selected variables from Test I to Test III for all subjects . 
Significant improvement beyond the . 05 level of confidence was also 
found in all four variables as a result of the 5 week , 3 days per week 
training program. 
Variable 
Strength 
. ( 1 . RM) 
Endurance 
(Reps . ) 
Chest 
Girth 
Arm 
Girth 
TABLE IV 
DIFFERENCE BETWEEN MEANS OF VARIABLES FOR 
WEIGHT TRAINING FROM INITIAL TO 
9 WEEK TESTS 
Mean Change 
Test I Test II 
i56 . o 185 . 0  
11 . 6  18 . 52 
38 . 23 39 . 01 
11. 493 12 . 072 
Mean . 
Difference 
29 . 0  
6 . 92 
0 . 78 
0 . 5796 
2 . 65 
0 . 458 
0 . 137 
0 . 052 
*.:t. . 05 ( 25) = 2 . 06 
!-.* 
10. 94 
15 . 10 
11 . 146 
Table V contains the results of the analysis of covariance 
statistics comparing the changes in the selected. variable between the 
5 week and the 9 week 3 day per week weight training programs . The F 
ratios of 19 . 687 and 8 . 34 obtained for muscular strength and muscular 
strength and muscular endurance indicated. a significant difference 
28 
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between the . groups beyond. the • 05 level of confidence .  In  both cases 
the 9 week group made significant improvements over the 5 week group . 
The F ratios for chest girth and arm girth did no t indicate a significant 
difference between the two groups .  
Variable 
Strength 
( 1  RM)  
Endurance 
(Reps . ) 
Chest 
Girth 
Arm 
Girth 
TABLE V 
RESULTS OF ANALYSIS OF COVARIANCE COMPARING 
A 5 WEEK TO A 9 WEEK WEIGHT 
TRAINING PROGRAM 
Source of SS MS 
Variance d£ (Ad justed) (Adjusted) 
Treatment 1 2952 . 821 2953 . 82 1  
Error 42 6301 . 649 150 . 039 
'rreatment 1 45 . 288 45 . 288 
Error 42 288. 121 5 . 43 
Treatment 1 0 . 3106 0 . 3106 
Error 42 24 . 4861 0 . 583 
Treatment 1 0. 277 0 . 277 
Error 42 3 . 21 0 . 076 
*F . 05 (1/42 ) = 4. 08 
F* 
19 . 687 
8 . 34 
o • .532_8 
J . 64.5 
Table VI shows the analysis of covariance comparing the maintenance 
of conditioning 4 weeks after the completion of a 5 week weight training 
program. The three gToups which were compared were , Group I which stopped 
conditioning ,  Group II whi ch worked out once per week , and c ombined 
Groups III , IV , and V which continued to work out 3-days-per-week . The 
F ratios of 17 . 745 , 11 . 028 ,  and 6 . 406 obtained for muscular strength , 
muscular endurance ,  and arm girth indicated a significant difference 
among the groups beyond the . 05 level of confidence.  The F ratio for 
chest girth did not indicate a significant difference among the groups • . 
TABLE VI 
RESULTS OF ANALYSIS OF COVARIANCE COMPA..�ING 
THE MAINTENANCE OF CONDITIONING FOLLOWING 
.A 5 WEEK WEIGHT TRAINING PROGHAM 
· source of SS MS 
Variable Variance df {Adjusted) (Adjusted ) F* 
Strength. Treatment 2 1495.207 747 .604 17.745 
( 1  RM ) Error 40 1685.215 42 . 13 
Endurance Treatment 2 71.745 35 . 873 11 . 028 
{Reps . ) Error 40 130. 11 3.25 3 
Chest Treatment 2 1 , 234 0.617 1 . 748 
Girth Error 40 14. 126 0.35 3 
Arm Treatment 2 o.41 o.�05 6 . 406 
Girth Error 40 1.275 0. 032 
*F • 05 (2/40) = 3 , 23 
• 
Table VII contains the Scheffe · comparison which was applied. to 
the variables revealing a significant difference in the previous Table VI . 
The W value for each comparison needed to equal . or exceed 6.46 in order 
for the comparison to be significant at the .05 level- of confidence .  In 
all three significant variables , 3 days per week of conditioning were 
hig�ly significant over the gr_oup which stopped conditioning . Also 
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training 1 day per week was significantly better than not training at all 
in the three significant variables . Training 3 days per week versus 
training 1 day per week was not significant in the maintaining of muscular 
strength , muscular enduranc e ,  and arm girth . 
TABLE VII 
COMPARISON OF GROUP DIFFERENCES IN VARIABLES WHERE 
A SIGNIFICANT F RATIO WAS OBTAINED 4 WEEKS 
AFTER A 5 WEEK WEIGHT TRAINING PROGRAM 
Variable Groups C ompared S Value a W Value 
Training 3 ·Days/wk. 
Strength (III , IV , & V )  
6 . 46 . 35. 35* (1 RM) vs . 
Not Training (I ) 
Training 3 Days/wk. 
(III , IV , & V) 
6 . 46 4. 88 ' vs . 
Training 1 Day/Wk . (II ) 
Training 1 Day/wk . ( II ) 
6 . 46 vs . 8 . 853* 
Not Training ( I ) 
Training 3 Days/Wk. 
Endurance ( II I , IV , & V )  
6. 46 22 . 09* (Reps . ) vs . 
Not Training (I ) 
Training 3 Days/wk. 
{ II I , IV , & V )  
6 . 46 1 . 767 vs . 
Training l Day/Wk. (II ) 
Training 1 Day/wk. (II ) 
6. 46 7 . 199* vs . 
Not Training ( I ) 
31 
" 
TABLE VII (continued) 
Variable Groups Compared S Valuea W Value 
Arm Girth Training 3 Days/wk . 
(III , IV , & V )  
vs . 6.46 10. 893* 
Not Training ( I ) 
Training 3 Daysfek. 
(III , IV , & V )  
vs . 6.46 0. 02 
Training 1 Day/wk. (II ) 
Training l .Day/wk. ( II )  
vs . 6 . 46  ? . 72* 
Not Training (I ) 
� value refers to the magnitude needed for W in order for the groups to 
differ from each other at the . 05 level of confidence .  
·* Significant beyond the . 05 level of confidence . 
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Table VIII shows the analysis of covariance comparing the main­
tenance of conditioning 4 .weeks after the completion of a 9 week training 
program . Group III which stopped training, Group IV which trained 1 day 
per week , and Group V which c ontinued to train 3 days per week were 
compared. The F ratio of 9 . 668 obtained for muscular strength indicated 
a significant difference among the groups beyond the . 05 level of 
confidence .  - The F ratio for muscular endurance ,  chest girth , and arm 
girth did not indicate a significant difference among the groups . 
Variable 
Strength 
(1 RM) 
Endurance 
(Reps . ) 
Chest 
Girth 
Arm 
Girth 
TABLE VII I  
RESULTS OF ANALYSIS OF COVARIANCE COMPARING THE 
MAINTENANCE OF CONDITIONING FOLLOWING A 
9 WEEK WEIGHT TRAINING PROGRAM 
Source of SS MS 
Variance df (Adjusted. ) (Adjusted ) 
Treatment 2 5.51. 096 275. _548 
Error 21 598. 526 28 . 5  
Treatment 2 23. 81 11 . 905 
Error 21 85. 28 4 . 06 
Treatment 2 0. 233 0 . 1165 
Error 21 J . 241 0 . 154 
Treatment 2 0. 365 0. 183 
Error 21 1 . 852 0. 0882 
*F . 05 (2/21) = J . 47 
F* 
9. 668 . 
2 . 932 
0 . 756 
2 . 069 
• 
The results of the Scheffe comparison of groups in which a 
significant F ratio was obtained comparing the maintenance of strength 4 
weeks after the completion of a 9 week training program are shown in 
Table IX . The S value of 6 . 94  refers to the magnitude needed for W in 
order for the groups to differ from each other at the . 05 level of 
confidence .  The results of training 3 days per week differed 
signif.icantlr from training 1 day per week and not training at all . 
There was no significant difference ,  however , between training 1 day 
per week and no training on the maintenance of strength . 
Variable 
Strength 
(1  RM) 
TABLE IX 
COMPARISON OF GROUP DIFFERENCES IN VARIABLE WHERE 
A SIGNIFICANT F RATIO WAS OBTAINED 4 WEEKS 
AFTER A 9 WEEK WEIGHT TRAINING PROGRAM 
Groups Compared 
Training 3 Days/wk. 
vs • 
. Not Training (III ) 
Training 3 Days/wk. 
vs . 
Training 1 :Day/wk. 
Training l Dayfek. 
vs . 
Not Training (III ) 
(V ) 
(v) 
(IV ) 
(IV ) 
a S Value 
6 . 94 
W Value 
10. 529* 
1 . 17 
. as value refers to the magnitude needed for W in order for the groups to 
differ from each other at the . 05 level of confidence.  
* Significant beyond the . 05 level of confidence. 
t 
ll.!.scuss ion of R esults 
The results of the statistics used in this study indicat ed that a 
significant improvement occurred. in muscular strength , muscular endurance ,  
chest girth , and arm girth following a 5 and 9 week isotonic weight 
training program . This result was expected to occur s i nc e  numerous 
other studi es have also indicated a significant increase in muscular 
strength , muscular enduranc e ,  and girth takes plac e following a weight 
training prog:ram . 4 • 5 • 6 • 7  
The result s of c omparing a 9 week weight training program t o  that 
of 5 weeks revealed that a statistically significant i ncreas e in muscular 
strength and muscular enduranc e took plac e in the 9 week group . Chest 
girth and arm girth were not significant even though arm girth approached 
the . 05 l evel of confidenc e in favor of the 9 week group . This indicates 
th�t a plateau was apparently not reached after 5 weeks of training and 
that the variabl es mad.e further significant gains in m-µscular strength 
4Leslie Curtis Hansen ,  "The Effects of Three S elected Weight 
Training Programs on Muscular Strength , Enduranc e ,  G irth , and C ardio­
vascular Enduranc e" ( unpublished Master ' s  thesis ,  South Dakota Stat e 
Univers ity , Brookings , 1969 ) , pp . 1-68 . 
\ichard A .  Berger , " C omparison Between R esistanc e Load and 
Strength , "  The R es earch Quart erly, 33 : 637 , December , 1962 . 
6Edward Capen ,  " Study of Four Programs of H eavy R es tstanc e 
Exerci se for Development of Muscular Strength , "  The R es earch Quart erly ,  
27 s l.54-15'7 , May , 1963 .  
7Bob L . Beasley , " Effects of I sometric and Is?toni c  Training on 
Skeletal Muscle Hypertrophy" ( tu1publi shed Doctor ' s  diss ertati on , 
Florida Stat e  University, Tallahassee , 1968) , pp . 1-121 . 
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and endurance with an additional 4 weeks of training. S ills reports 
Hellebrant as stating that if a weight training program is systematic , 
progressive , and uti lizes the " overload princ iple" there will be 
. . 
8 . improvement in strength , power , an� endurance . 
In the maintaining of muscular strength , muscular enduranc e , 
chest gtrth , and arm girth following a - -5 week weight training program 
the results indicate a signif icant differenc e in muscular s.trengtn , 
,. 
muscular endurance ,  and arm girth among the groups . It was found in 
all three variables that training 3-days-per-week and 1-day-per-week was 
significant over no training. Training 3-days-per-week was not 
· statistically significant over training 1-day-per-week , although 
in muscular strength it did approach th e . 05 level of· c onfidence .  
This indicates that working out 1 day per week will maintain muscular 
strength , muscular endurance ,  and arm girth for at least 4 weeks 
after a training program . Oth er studi es have also indicated that 
� . D . Sills , Weight ·Tra:i�ni ng in Sports and Physical E<l.ucation 
(Washi ngton ,  D .  c . : American Association for H ealth ,. Physi cal Education 
and R ecreation , 1962 ) ,  pp . 26-27 . 
training 1 day per week will maintain and increase muscular strength , 
muscular endurance , and arm girth significantly . 9 , lO , ll , 12 
J7 
It is interesting to note that the means indicated training 1 day 
per week and 3 days per week caused a continual increase in the 
variables measured . From Test I I  to Test III , the strength mean of the 
group that stopped training went from �67 . 5 to 166 . 5 pounds , whereas , the 
1 day per week group went from 165 . 56 to 173 . 33 pounds and the 3 day 
per week group went from 171 . 4  to 185 . 0  pounds . Ewart found in his . study 
that training 1 day weekly after an 8 week weight training program 
maintained muscular strength . 13 According to Karpovich i t  is relatively 
simple to retain acquired · strength by ex ercising only onc e  a week .  '£his 
statement is based on his assumption that strength , when gained slowly , 
may persist for a considerable time after trai.ning ends . 14 
9Liles Clay Guess , "A C <.Jmparison of Two Training Programs for 
Maintaining Increased Musc ular S trength D evelop ed During an Off-S eason 
C onditioning Program" ( unpublished Master ' s thesis , University of 
Texas , Austin , 1967 ) ,  pp . 1-77 . 
lOGary Ewart , " Eff ec ts of Weight Training and Detraining on 
Muscular Performanc e  of High School Boys" ( unpublished Ma,ster ' s thesis , 
University of Illinois ,  Urbana , 1969 ) ,  pp . 1-113 . 
1�arry L .  Sysler and Alan G .  Stull , "Muscular Endurance as a 
Function of Length of D etraini ng , "  The R es earch er  Quart erly ,  41 : 105-9, 
March , 1970. 
12Philip J .  Rasch and L. E. Morehouse , _ " Effec t o-f S tatic and 
Dynamic Exercises on Muscle S trength and Hypertrophy , "  Journal of 
Apnli ed PhysiologY., 11 : 29-)4,  July , 1957 . 
13Ewart , loc . cit . 
14P . V . Karpovich , PQ.y�lglqgy of Muscular A ctivi ty (Philadelphia : 
W . B. Saunders C o . , 1971 ) , p .  26 .  
However , four weeks a£ter . the c ompletion of a 9 week weight training 
program , different results were obtained . In the first plac e ,  in the 
four variables analyzed. ,  only muscular strength revealed significant 
' 
difference among the groups . When Scheffe' s comparisons was applied , 
it was found that for musculai: strength , the 3- days-pe....--week group 
differed significan tly from the· groups .. training 1-day-per-week or not 
training at all . The strength means from Test III to Tes t  .IV revealed 
that the· group which stopped traini ng decreas ed from 186 . 25 to 185 . 63 . 
pounds , the 1-day-per-week group increased from 181 . 11 to 183 , 33 pounds , 
and the 3-days-per-week group increased from 188. 13 to 198, 75 pounds .. 
Apparently the signlf'icanc e differences between exercising three times 
per week and the other two groups was not so much due to thei r maintenance 
of strength , but rather to their continued gain , 
The means of the groups for a 4 week detraining program f ollowing_ 
the 5 and 9 week weight training programs showed that training 1-day-per-
week will ma.intain and to a c ertain extent increas e muscular strength , 
muscular enduranc e ,  and girth . After 5 and 9 weeks of development 
on all parameters , not training will maintain most of the 
l evel achi eved for at least 4 more weeks . Hettinger included this 
statement in his discus si on of muscle strength after training : 
There is _ a direct relationship between the training 
schedu l e  and the rate of decrease in muscle s trength after 
training is stopped . The s trength gained during a training 
period decreas es at a speed which is about one-third the 
speed at which it increases . 15 
On the other hand training 3 days per �eek for the 4 weeks following 
the 5 week and 9 week training program will caus e increases in 
further .strength and enduranc e ,  
15Theodor Hettinger , Physiology of S trength (Springfield , 
Illinois : C , C .  Thomas C o . , 1961 ) ,  P ·  76 . 
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CHAPTER V 
SUI1¥.tARY , CONCLUSIONS AND RECOfil1ENDATIONS 
Summary of the· Study 
The purpos e of this s tudy was to determine whether different 
levels of muscular strength , muscular e?durance ,  and girth are 
maintained by employing a selected weight training program once a week . 
Forty-five subjects enrolled in basic physical education classes at 
South Dakota State University were assigned to one of five groups on 
the basis of their initial 1 RM and then were tes ted on the above 
variables on either three and four occasions . The methods of training 
were randomly assigned . 
Followi.ng the ini tial tes t ,  the subjects trained 5 weeks on a 
weight training program , training 3 days per week . After thi s  initial 
5 weeks the subjects -were retested (Test I I ) . At this point Group I 
terminated workouts for the remainder of the study ,  Group II worked 
out 1 day per week for th e next 4 weeks , and Groups III , IV , and V 
c ontinued to work out 3 days per week for the next 4 weeks . At the ecd 
of 9 weeks , the subjects were retested again , (Test III ) . The purpose 
of this test was to determine how many_ workouts per week were needed 
to maintain this level of muscular strength and muscular endurance .  
Groups I and I I  were then eliminated from the study . Group III  
terminated workouts , Group IV worked out 1 day per week , and Group V 
continued to work out J days per week for t�e next 4 weeks . The subj ects 
in Groups III , IV ,- and V were then retested , (Tes t IV) . · The purpos e 
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of this test was to determine how many workouts per week were needed to 
maintain this higher level of muscular strength and muscular enduranc e .  
The following hypotheses were investigated : (1 )  th ere is a 
significant improvement in muscular strength , muscular endurance ,  and 
girth as a result of a 5 week , 3 days per week weight training program, 
(2 ) there is a significant improvement �n muscular strength , muscular 
endurance ,  and girth as a result of a 9 week , 3 days per week weight 
training program, ( 3) a 9 week , 3 days per week weight ·training program 
results in a significantly greater gain in muscular strength , muscular 
endurance , a.nd girth than a .5 week 3 days per week weight training 
program , ( 4) there is no significant difference among groups tfhich 
stopped conditioning , worked out onc e per week , and subjects which 
continued to work out three times per week on the re-tention or further 
development of muscular strength , muscular endurance ,  and girth 
following a 5 week weight training program , and ( 5) there i s  no 
significant difference among groups which stopped conditioning , worked 
out once per week , and subjects which continued to work out 3 days p er 
week on the retention or further development of muscular stre�gth , 
muscular endurance ,  and girth following a 9 week weight training program. 
The weight training program followed in this study consisted of 
three sets of five repetitions wi th approximately 30 seconds of rest 
between sets � If the subject could not cc�plete all three s ets of f ive 
repetitions each then they were assisted so that each _subject completed 
fifteen repetitions . Wh en the subject could _perform three s ets of five 
repeti tions by himself· the weight was increased. 10 pounds . 
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A t  ratio . was used to determine whether the weight training program 
of either 5 weeks or 9 weeks produced any significant gains in muscular 
strength, muscular endurance ,  and girth. The . 05 level of confidence 
was accepted as the minimal level needed in order for a difference to be 
considered significant , 
The analysis of covariance technique was used to compare the 
effects of training 5 weeks as opposed to training 9 weeks . The �nalysis 
of covariance was also used to compare the effects of not training , 
training 1 day per week , and training 3 days per week on all parameters 
4 weeks following both the ·5 week and the 9 week weight training 
' 
program. The Scheff e comparison was then employed to locate the 
significant differences between the respect�ve groups . Only those 
· variables which showed significant improvement as a result of 
participation in the weight training program were analyzed . 
The results of the .1 :ratios showed a significan� gain on all 
parameters following both the 5 arid 9 week weight training periods . The 
analysis of covariance indicated a significant difference in strength 
and. endurance development between the 5 and 9 weeks of weight training ,  
Following 5 weeks of training and 4 weeks of detraining the 
statisitics showed that 3 days per week and 1 day per week were 
significantly bett er than not training for the maintenance and further 
development of strength , endurance ,  and arm girth . Following 9 weeks of 
training and 4 weeks of detraining the 3 days per week workout was 
significantly better than training 1 day per week and not training at 
all. 
Conclusi ons 
Under the conditions of this present study, and within the 
limitations described , the following conclusions were drawn: 
1 . A weight training program of either 5 or 9 weeks does develop 
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a significant amount of muscular strength, muscular endurance ,  
chest girth, and arm girth. 
2 .  A- 9 week , 3 days per week weight training program does 
result in a significantly greater gain in muscular strength , 
muscular endurance ,  and arm girth than does a 5 week , 3 days 
per week weight training program. 
J .  Following a 5 week weight training program and 4 weeks of 
detraining , working out 3 days per week and 1 day per week 
will maintain and increase muscular strength , endurance ,  
and girth significantly as compared to not working out . 
4.  Following 9 weeks of training and 4 weeks of detraining , . 
only the 3 day per week training method will significantly 
maintain and increase muscular strength as compared to not 
trafning and trai!dng 1 day per week, 
5 .  Training 1 day per week after 9 weeks of training will 
maintain the newly acquired strength level for at least 4 
weeks , whereas if training is stopped , strength will 
slightly decrease .  
Recommendations for Further R esearch 
1 .  A simi lar study could be conducted in which the detraining 
period is carried on for a longer period of time . 
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APPENDIX A 
TABLE X 
RAW DATA FOR MUSCULAR STRENGT� (1 RM) 
Subject Group Test I Test II Test I I I  Test IV 
M. C .  I 150 160 155 
R . D . - I 140 145 145 
w . n. I 200 210 210 
J . F. I 150 160 170 
R , G ,  I 155 200 190 
A. H .  I 155 170 180 
T . H . _ I 170 175 175 
C , L. I 135 145 140 -
T . M. · I 170 185 175 
�.w. I 110 125 125 
Mean 153 . 5 167 , 5 166 , 5 
B . A .  II 155 160 
D . A .  II 155 160 165 
C , G , II 130 145 150 
S . H. II 170 185 195 
· N , H ,  I I  155 180 195 
O . J . II 145 165 170 
M, P,  II 155 150 160 
s . s .  II 125 140 145 
P , U ,  I I  200 210 215 
G.Z. II 145 155 165 
Mean . 153 . 8 165, 555 173 , 33 
R . C .  III 170 185 195 185 
R . E . III 190 190 205 210 
S. J. III 135 150 150 150 
R , K. I II 160 185 215 210 
D . S . III 160 160 175 175 
L. S .  III 170 200 215 21.5 
J , W ,  III 155 165 185 190 
I.aw I III 110 130 150 150 
Mean 1_56 . 25 170 . 625 186 . 25 185, 625 
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TABLE X ( continued. ) 
Subject Group Test  I Test II Test III Test IV 
T , B , IV 170 175 185 190 D , D , IV 130 145 155 - 165 
R . E . IV 145 155 160 160 
R . H . IV 160 160 175  175 R , K . IV 185 205 230 230 
R . M . IV 140 145 150 155 
s . s .  IV 190 195 210 205 M. V .  IV 160 195 205 210 
B.Y. IV 1zo 140 160 160 
Mean 155. 556 168 , 33 181 . 11 183 . 33 
D . B .  v 120 140 150 150 
G . G .  v 160 185 200 205 
T . H .  v 165 200 220 230 
R . J .  v 180 190 210 230 
K. M.  v 165 180 185 200 
S . T . v 140 170 175 185 
R , W . v 160 175 190 200 
sI I w I v 160 165 125 l�O 
Mean 156 . 25 175, 625 188 . 125 198 . 75 
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APPENDIX B 
TABLE XI 
RAW DATA FOR MUSCULAR ENDURANCE (REPS . ) 
Subject Group Test I Test II Test III Test IV 
M . C .  I 11 16 12 
R . D .  .I 9 15 16 
w . n . I 11 12 12 
J . F .  I 11 12 14 
R . G .  I 8 15 14 
A. H .  I 9 16 19 
T . H . I 15 19 15 
C . L . I 10 16 14 
T . M . I 12 18 17 
�.w. I 14 18 �o 
Mean 11 15. 7  15. 3 
B . A .  II 13 19 
D . A. II 12 13 14 
C . G .  II 12 19 20 
S . H . II 16 18 19 
N. H .  II 15 18 20 
O . J .  II 17 19 23 
M . P .  II 13 16 19 
s . s .  II 13 17 21 
P , U ,  II 12 15 14 
Q. z.  II 11 16 16 
Mean lJ. 4 . 16 . 78 18 . 44  
R . C .  III 13 17 21 20 
R . E. I II 6 10 14 15 
S . J .  III 8 13 13 13 
R , K ,  III 10 · 12 17 17 
D . S . III 10 lJ 15 14 
L. S .  III 15 20 24 24 
J . W �  III 10 11 15 15 
T1W1 III 11 21 �3 �6 
Mean 10 . 375 14. 625 17 . 75 18 . 0  
t 
51 
TABLE XI (continued.) 
Subject Group Test I Test II Test III Test IV 
T , B . IV 10 15 18 20 D , D .  IV 12 19 21 22 R . E . IV 14 17 18 · 25 R . H .  IV 10 12 15 14 R . K .  IV 10 14 16 19 R . M. IV 10 15 17 21 s . s .  . IV 12 11 14 16 M, V.  IV 11 14 18 18 ll1 y I IV 11 lZ 20 �3 
Mean 11 . 11 14, 889 17 . 44  19 , 78 
D . B . v 19 22 23 24 G . G .  v 13 16 20 23 T , H .  v 12 18 22 23 R . J .  v 14 15 18 21 K. M.  v 13 20 21 22 
S , T .  v 12 19 22 23 R .  w·. v 11 14 20 22 J.1 w I v 13 12 18 �5 
Mean 13 . 375 17 . 875 20 . 5 22 . 88 
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APPENDIX C 
TABLE XII 
RAW DATA MEASUREMENTS FOR CH]ST GIRTH 
Subject Group Test I Test II Test III Test IV 
M. C .  I .  36 . 5 39. 0 37 . 5 
R . D . · I 37 . 5 38 . 25  38 . 0 
W . D . I 41. 25 41. 25  40 . 75 . 
J . F .  I 41. 0  41 . 25 40 . 75 
R . G . I 38 . 5 38 . 25 38 . 25  
A . H .  I 37. 75 39. 25 39 . 25 
T . H .  I 38. 0 39 . 0 39. 25  
C . L. I 35. 25 36 . 25 35. 75 
T .  M .  I 37 . 5 39 . 25 39. 5 
�.w. I 32.25 38. 0 321 0  
Mean 38 . l  38 . 98 38 . 8 
B . A .  II 39 . 0  39 . 75 
D . A .  II 39 . 0  39 . 0  39 . 25 
C . G .  II 37 . 75 39 . 25 39 . 25 
S . H . II 38 . 5 38 . 0 39 . 0  
N . H .  II 39. 25  41 . 25 ' 41. 75 
O . J .  II 37 . 25  39 . 5  39 . 5 
M. P .  II  38 . 0 38 . 75 38 . 75 
s . s .  II 35. 25 37. 5 37 . 75 
P. U. II 39 . 0 39 . 5 39 . 25 
�. z. II 38.25 32. 5 32.25 
Mean . 38 . 14 39 , 14 39. 31 
R . C .  III JB . 25 38 . 5 39 . 5 J9 . 5  
R . E . III 40, 5 40 . 5 41 . 25  41. 5 
S . J . III J6 . o 37. 0 36 .  5 . 37 . 0 
R . K .  III 36 . 75 37 . 0 37 . 25 37 . 25  
D. S . III 37 . 5 37. 5 37 . 75 38 . 0 
L. S . III 39 . 25 40. 0  39 . 75 39 . 5 
J . w . III 37 . 75 JB . 75 39 . 25 J9 . 0  
I.W. III J61 5 36,ZS 3z. o  32125 
Mean 37 . 813 38 . 25 J8 . 53 38 . 63 
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TABLE XII (continued) 
Subject Group Test I Test II Test III Test IV 
T . B. IV 38 , 5 38. 5 38 . 5 38 ; 75 D . D .  IV 38 . 25  39 . 0 39 � 0 39 . 0 R . E. IV 38 . 25 40. 75 40 . �5 41 . 0  R . H .  IV 38 . 25 39 , 75 39 . 25  40 , 0 
R . K . IV 39. 0 39 , 5 40 . 5 40 , 5  R , M, IV 36 , 5 37 . 0 37 . 25  37 . 25  s . s . IV 41 . 5  41 . 75 41. 75 42 . 5 M . V.  - IV 40. 5 41, 0 40. 0 40 . 25 
B,Y, IV 36.zs 3Z. 5  38, 0  18. 5 
Mean 38. 61 39 . 42 39 . 39 39 , 75 
D . B . v 35. 5  36 . 0 36 . 0 36 . 0 
G . G .  v 40 . 0  39 , 5 40 . 0  39 . 75 
T . H . v 41 . 0 41. 75 43 , 75 44 . 25 
R . J . v 36 , 75 37 . 0 37 . 75  37 . 75 
K . M.  v 38 , 0 38 , 75 39 . 0 39 . 25 
S . T . v 38 . 5 38 , 5  39 . 25 40 . 75 
R . W . v 39 . 0 39 , 75 39 . 75 40 . 0 
sl1 w I v 1z. o 32125 1z. o 3z. o 
Mean 38 . 22 38 . 56 39 , 06 39 . 34 
APPENDIX D 
TABLE XIII 
RAW DATA MEASUREMENTS FOR ARM GIRTH 
Subject Group Test I Test II Test III Test IV 
M. C .  I 10 . 25 11 . 0  ll . O  
R . D .  I 11 . 88 · 12 . 13 12 . 0  
W . D .  I 12 . 25 12 . 88 12 . 75 
J . F .  I 11 . 25 11 . 88 11 . 75 
R . G .  I 10 . 75 11 . 38 ll . 38 
A . H .  I 12 . 5 13 . 25 13 . 13 
T . H .  I 12 . 5 12 . 88 12 . 38 
C . L . I 10. 13 n . o 10. 88 
T . M • . I 11 . 88 11 . 88 11 . 88 
�.w. I 10.zs 11.�5 11. 25 
Mean 11 . 41 11 . 95 11 . 84 
B . A .  I I  12 . 25 13 . 0  
D . A . II 11 . 63 11 . 88 11 . 88 
C . G .  II 11 . 25 11 . 5 11 . 68 
S . H . II 11 . 88 12 . 25 12 . 25 
N. H .  II 12 . 38 . 12 . 38 12 . 38 
0 , J ,  II 11 . 38 11 . 88 12 . 0  
M. P .  II 10. 63 10 . 75 11 . 0 
s . s .  II . 10 . 0  11 . 0  10 . 88 
P. U .  II 11 . 75 11. 88 12 . 25 
Q. z. II 111 63 11,38 11. 88 
Mean 11. 48 11 . 66 11 . 8  
R . C .  III 12 . 38 12 . 63 13 . 0  12 . 7 5  
R . E . III 12 . 5 12 . 88 13 . 0  12 . ?5 
S . J . III 9 . 7 5  10 . 0 10 . 0  10 . 13 
R . K. III 10 . 25 10 . 63 11 . 13 l0, 75 
D . S .  III 10 . 13 10 . 5 l0 . 75 l0 . 63 
L. S .  III 11 . ?5 12 .·25 12 . 25 12 . 0  
J . W . III 11 . 63 11 . 88 11 . 88 11 . 63 
T1W1 III 11. 0  11.38 11138 lls 25 
Mean 11 . 17 11 . 52 ll . 67 11 . 49 
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TABLE XIII (continued) 
Subject Group Test I Test II Test III Test I V  
T . B .  IV ll . 38 11 . 38 11 . 88 11 . 88 
D . D .  IV 11. 0 11. 5 11 . 75 11 . 75 
R. E. IV 12 . 38 13 . 0  12 . 88 12 . 7 5  
R . H. IV 11. 63 12 . 13 12 . 0  12 . 0  
R . K . IV 12 . 25 12 . 75 12 . 7 5  12 . 88 
R . M. IV 10. 38 11 . 25 11 . 5 11 . 38 
s . s . . IV 12 . 25 12 . 88 12 . 88 13 . 13 
M. V. IV 11 . 13 11 . 63 11 . 88 . ' 11 . 88 
B. Y. IV 101 13 11. 0 111 13 11. 13 
Mean 11 . 39 11 . 95 12 . 07 12 . 09 
D . B. v 10. 2.5 10 . 75 10 . 7 5  l0 . 63 
G . G . v 12 . 25 12 . 75 12 . 38 12 . 5 
T . H .  · v 13 . 0  13 . 75 13 . 88 13 . 88 
R . J .  v 12 . 13 12 . 5 12 . 88 12 . 75 
K. M. v 11 . 38 12 . 0  12 . 2 .5 12 . 88 
S . T . v 13 . 13 13 . 25 13 . 25 13 . 38 
R. W . v 11. 88 12 . 5 12 . 63 12 . 63 
sI I w I v 11.38 11.ZS 11.ZS 11.2� 
Mean 11 . 93 12 . 41 12 . 47 12 . 55 
